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Abstract — High-voltage transistors in SOI that coexist with traditional low-voltage
transistors enable the development of mixed-voltage (high-voltage and low-voltage) systems-on-
a-chip. The parasitic back-channel transistor, however, is a critical issue in these mixed-voltage
single-chip systems. The presence of high- Voltage can create a situation in which the parasitic
back-channel device turns on and “shorts-out” the top device inducing functional failure of the
system. An active substrate driver has been designed that automatically adjusts the substrate bias
voltage to a level insuring the back-channel devices remain off. The active substrate driver
should also help compensate for shifts in back-channel transistor threshold voltages induced by
temperature, aging, or irradiation effects.

SECTION I. INTRODUCTION

Fully integrated systems-on-a-chip that include, for example, MEMS-based sensors and
actuators, analog-to-digital interfaces, and digital signal processing can require multiple supply
voltages. These supplies will range from low voltages, 3.3V or lower, to high voltages, 40V or
higher. High voltage transistors have been developed in SOI that can withstand the high supply
voltage requirement [1]. A challenge arises when implementing high voltage transistors that
coexist with low voltage transistors on the same silicon substrate. These high voltage transistors
can withstand drain to source voltages as high as 90V. With such high voltages, a parasitic back-
channel device of low-voltage transistors can turn on. Figure 1 illustrates a low-voltage
transistor with its parasitic back-channel device [2,3].

Poly

s me

Substrate

Figure 1. Parasitic Back-channel Transistor

If the source or drain of the low-voltage FET is connected to a high voltage node, an inversion
layer can form just above the buried-oxide (BOX) allowing current to flow. For the technology
used in this work, a partially depleted SOI process, the threshold voltage for an n-type back-
channel FET (Vypc) 1s approximately 28V and the threshold voltage for a p-type back-channel
FET (Vippc) is approximately —18V. With these threshold voltages, if an appropriate maximum
power supply voltage is chosen, the substrate can be biased to a voltage insuring that both the »-
type and p-type back-channel devices are always off.

SOI technology is attractive for those applications requiring radiation hardness such as
space exploration. However, as radiation exposure causes positive charge to become trapped in
the buried oxide, the parasitic back-channel threshold voltages will lower. If the substrate is
biased with a fixed voltage, the back-channel threshold voltages can shift enough such that the
back-channel Vg is greater than the new V., causing the n-type back-channel device to turn
on. To compensate for this an active substrate driver has been developed that will track the
change in V5 and adjust the substrate voltage bias to follow this change.

SECTION II. CIRCUIT DESCRIPTION
The simplified architecture is illustrated in Figure 2. A 1pA current is forced through an
n-type back-channel transistor (BCT). The source of this BCT is biased to -5V, insuring that its
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Figure 2. Active substrate driver architecture

gate-source voltage is 5V greater than any other n-type BCT on the chip. Feedback will force
this V4 to a level allowing 1pA current to flow in this one BCT. With a large aspect ratio , this
Vgs Will be slightly larger than Ve (approximately 30V), which will force the substrate
voltage to be approximately 5V less than the Vp e of all other n-channel BCTs on the chip.
With high levels of irradiation, both Vi zc and Vippe will shift in the same direction by
approximately the same amount. The active substrate driver will shift the substrate voltage by
the same amount, keeping all n-type and p-type back-channel devices off.

By design, the amplifier’s input common-mode range provides ground sensing. The
amplifier’s output stage can provide a high-voltage output (approximately 2V to 38V). Note also
that the amplifier directly drives the substrate. Since the substrate to ground capacitance can
vary significantly with buried oxide thickness and die size, the stability requirements of the
amplifier take into account substrate capacitance ranging from 10pF to 100pF.

A simplified schematic of the active substrate driver is shown in Figure 3. A charge-
pump is used to provide the —5V supply. The amplifier has a low-voltage input stage (5V) and a
high-voltage output stage (40V). The low-voltage input stage is used to reduce the number of
high-voltage devices needed in the design. This minimizes the circuit’s required silicon area
since the high-voltage transistors occupy significantly more area than low-voltage transistors. A
p-channel source-coupled input pair is used to provide the ground-sensing capability. Devices
M5, M8, and M10 are high voltage transistors. These transistors are not self-aligned and have
poor matching; therefore, low voltage transistors M6, M7, M9, M11 and M12 are used to
enhance input/output current matching in the current mirrors.

SECTION III. CONCLUSIONS

While consuming 61pA of current, the active substrate driver maintains a phase margin
between 80 degrees and 95 degrees for the capacitance loads given above. With a 10pF load, the
active substrate driver requires approximately 170us to reach its quiescent point after startup.
With a 100pF load, 220us is required. After the startup quiescent point is reached, changes in
the back-channel threshold voltages are very slow respect to time (essentially DC) and the active
substrate driver can easily track to compensate for such changes. The active substrate driver
enables the implementation of mixed-voltage systems-on-a-chip in partially-depleted SOI
technology.
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Figure 3. Simplified schematic of active substrate driver
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